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(54) Data error correction system 

(57) A data error correction system is provided 
which is capable of executing repeated error correction 
processing, and which improves the quality of communi- 
cation lines by allowing repeated corrections of errors 
generated in the transmission line. 

The data error correction system comprises a 
Vlterbi decoder 13 for decoding a designated encoded 
data from a buffer 12 and a block decoder for executing 
decoding of the data corresponding to a length of a 



block code after being decoded from the Viterbi decoder 
13, when error correction is possible. VS/hen error cor- 
rection is not possible, the data error correction system 
controls execution of re-decoding by the Viterbi decoder 
for executing error correction of the data corresponding 
to a length of a block code whose correction has not 
been possible yet at this stage. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a data error 
correction system which is used for improving the line 
quality of a transmission line by coding data into errors 
correction codes so as to correct errors generated in the 
transmission line in so far as possible, in the fields of 
satellite communication and space communication 
which transmit data such as compressed image data. 

Backgrourxj Art 

[0002] There is a data error correction method in 
the digital communication, called "Vitabi decoding 
method (G. D. Forney Jr.. "The Viterbialgorithum", Pro- 
ceedings of IEEE, vol. 61. pp. 268-278. Mar. 1973). In 
order to irrprove the capability of the error correction, a 
connected code, which is a combination of a convolu- 
tional code with the other code, is proposed by G. D. 
Forney Jr. Another connected code generally used is a 
connection of a convolutional code and a Reed-Solo- 
mon code, which is obtained by combining a block 
coder and a Reed-Solomon coder. The decoding of the 
coded data is carried out based on the Viterbi algorithm 
and the Viterbi decoded data is subjected to Reed-Solo- 
mon decoding. 

[0003] However, since the error correction is exe- 
cuted independently by the Viterbi decoder and by the 
Reed-Solomon decoder, the above-described conven- 
tional data en-or correction system entails the problem, 
that it is not possible to otstain a sufficient error correc- 
tion effect and thus to improve the line quality of a trans- 
mission line. 

[0004] It is therefore an object of the present inven- 
tion to solve the above described problem, and to pro- 
vide a error correction system which is capable of 
correcting data errors repetitively, sufficiently connecting 
bit errors generated in the transmission line, and 
improving the line quality 

SUMMARY OF THE INVENTION 

[0005] According to the first aspect of tiie present 
invention, a data error correction system comprising: a 
buffer for receiving data which are encoded by a block 
encoder and a convolutional encoder; a Vtterbi decoder 
for decoding a t^ock of data designated from the data 
output from said buffer in accordance with the Viterbi 
algorithm; a block decoder, which starts decoding when 
it receives data corresponding to a block code length 
from said Viterbi decoder, for executing the error correc- 
tion when possible and outputting tiie result to a block 
decoder; and a control circuit for controlling execution of 
re-decoding by said Viterbi decoder so as to execute 



decoding by said block decoder for data corresponding 
to the block code length whose error could not be cor- 
rected yet. based on an error detection signal output by 
said block decoder, when the error correction has not 

5 been possible. 

[0006] According to the second aspect of tiie 
present invention, the data error correction system 
according to the first aspect, wherein the data error cor- 
rection system allows repeated executions of decoding 

10 by the Viterbi decoder and the block decoder by said 
error detection circuit until the error correction is ena- 
bled, when the second error detection has not been 
possible. 

[0007] According to tiie third aspect of the present 

15 invention, the data error correction system according to 
the first aspect, wherein data input into said buffer is the 
bit data expressed by soft decision representation. 
[0008] According to the fourth aspect of the present 
invention, the data error correction system according to 

20 the first aspect, wherein said Viterbi decoder com- 
prises: a branch-metric generator for obtaining a proba- 
bility of the case in which each transmittable symbol 
have been transmitted, when the data for respective 
symbols output from said buffer are received; a path- 

25 metric register which stores the cumulative metrics of 
the survival path; an addition comparison selection cir- 
cuit for outputting a path-metric value at the n state and 
a selection information at the n state selected by execut- 
ing comparison, addition, and selection of outputs of 

30 said path-metric register and said branch-metric regis- 
ter at every symbol time along the trellis line figures; a 
maximum likelihood path state number order detector 
for obtaining a state number which has the maximum 
path-metric value among path-metric values at the n 

35 state output from said addition comparison selection cir- 
cuit; a path memory for storing at every symbol time the 
selection information at the n state output from said 
addition comparison selection circuit; a trace back cir- 
cuit for outputting a decoded data witii (u+k) bits from 

40 the last bit that arrived when tracing back to the past 
from the state number output of the the maximum likeli- 
hood state number order detector at every (u+k) time, 
when the encoded data are divided at each k bits and u 
bits as the redundancy bit are added; and a decoding 

45 control circuit for allowing execution of re-decoding 
when receiving a control signal from said control circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [0009] 

Rg. 1 is a block diagram showing a data correction 
system according to an embodiment of the present 
invention. 

55 

Fig. 2 is a block diagram for explaining the error cor- 
rection encoder 
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Fig. 3 is a block diagram showing the Vitrerbt 
decoder in Fig. 1 . 

Fig. 4 is a conceptual diagram showing the convo- 
lutional encoder for explaining the present inven* 
tbn. 

Fig. 5 is a diagram explaining the data series in 
respective blocks in Fig. 2. 

Fig. 6 Is a diagram for explaining trellis representa- 
tion of the convolutional encoder in Fig. 4. 

Fig. 7 is a diagram for explaining the structure of the 
ACS circuit in Fig. 3. 

Fig. 8 is a diagram for explaining the trellis repre- 
sentation of the trace back processing in the 
present invention. 

Fig. 9 is a diagram for explaining the three bit soft 
decision data in the present Invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] Hereinafter, an embodiment of the present 
invention will be described with reference to the 
attached drawings. 

[0011] Figure 1 shows a data error correction sys- 
tem of the present Invention. Numerals 10 and 11 
denote input terminals for inputting received P data and 
received Q data, respectively; 12 denotes a buffer for 
inputting the output of a convolutional encoder, that is, 
received P data and received Q data, which contains a 
bit error generated in a transmission line: 13 denotes a 
Viterbi decoder which executes decoding of an Input of 
the designated received P data and designated 
received Q data ou^Dut from the buffer 12 according to 
the Viterbi algorithm; 14 denotes a block decoder which 
executes decoding of the decoding data having a length 
con-esponding to a block code of the Viterbi decoder 13; 
1 7 is a buffer for outputting the decoded data from the 
block decoder 14 to the outside. 
[0012] The numeral 15 denotes a control circuit 
which receives a detection signal that is output from the 
block decoder 14 when it is decided that the error can- 
not be corrected at this point, outputs a control signal R 
such that the Viterbi decoder 13 repetitively executes 
re-decoding at a predetermined number of times, and 
outputs a control signal for the Viterbi decoder to output 
the designated received P data, and the designated 
received Q data to the buffer 12. The Viterbi decoder 13 
is formed as shown in Fig. 3. In Fig. 3, 14 denotes a 
branch-metric generator for obtaining probabilities of 
transmitting each symbol in the case each transmittable 
symlDol is transmitted, when data for every symbol out- 
put from the buffer 12 is received; 43 denotes a path- 
metric resistor which stores a cumulative metric of sur- 



viving paths; 42 is a addition comparison selection cir- 
cuit (hereinafter, called ACS circuit) for executing 
addition (ADD), comparison (COMPARE), and selection 
(SELECT) for the output from the branch-metric gener- 
5 ator 41 at every symbol times and the output of the 
path-metric resistor 43 according to the trellis diagram, 
and for outputting the thus compared and selected n- 
state path-metric value and n-state selection informa- 
tion. 

TO [001 3] Furthermore, in Fig. 3, 44 is a maximum like- 
lihood state number order detector for obtaining the 
state number having the maximum path-metric value 
among path-metric values in the n-state output of the 
ACS circuit 42; 45 is a path memory for storing the 

15 selection information on the output at the n-state from 
the ACS circuit 42 at every symbol time; 46 is a trace 
back circuit which outputs the (u+k) bits as the decoded 
data from the last bit finally reached by tracing the path 
memory 45 from the state number output from the max- 

20 imum likelihood path state numt)er order detector 44 
toward the past for g symbol time; 47 denotes a re- 
decoding circuit 15 for executing re-decoding when 
receiving the control signal R from the control circuit 
shown in Fig. 1. 

25 [0014] Next, the operation will be described- For 
explanatory purposes, it is assumed that the block 
encoder 32 divides the data every k bits, and adds u bits 
as the redundancy bits to each k bits, and it is also 
assumed that the coding ratio R and the restriction 

30 length K of the convolutional encoder 33 are fixed at 
R=1/2 and K=3. respectively 

[0015] First, an explanation of the error correction 
encoder at the sending side is described. At the sending 
side, as shown in Fig. 2, data is input into the block 

35 encoder 32 through the input terminal 31 . 

[0016] As shown in Fig. 5, the block encoder 32 
executes encoding so as to add u bits of the redundancy 

bit, c1, c2 cu to the first k bits. i1, 12, ... IK and add 

cu+1. cu+2 c2u bits as the redundancy bits to the 

40 following k bit, ik+1, ik+2. .... i2k. 

[0017] Subsequently the output of the block 
encoder 32 is encoded by the convolutional encoder 33 
constructed by a three stage shift register and an exclu- 
sive OR. That is. in this convolutional encoder 33, the 

45 output of the block encoder 32, as shown in Fig. 4, is 
entered into the shift resistor 50 at every symbol time, 
and the outputs of designated stages are subjected to 
logic processing at exclusive ORs 51 and 52. and P 
data, PI. P2. ... and Q data. Q1. Q2. ... are output from 

50 the output terminals 55 and 56. P data and Q data 
which are the output of the convolutional encoder 33 are 
transmitted for inputting to the buffer 12 through the 
input terminals 10 and 11 of the error correction 
decoder. At this time, those P data and Q data are rep- 

55 resented by the soft decision expression for transmitting 
to the Viterbi decoder 13 how these data are varied by 
the noise generated during transmission. Rg. 9 illus- 
trates the soft decision representation of "0" and "^l** by 
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three bits. 

[0018] Next, the operation of the Viterbi decoder 13 
is described. Fig. 6 illustrates a trellis representation of 
the convolutional encoder 33. {0, 0}, {0, 1}, {1, 0}, and 
{1 , 1} in the left column of Fig. 6 represent the contents s 
of the first and second steps {a, b}. The values shown 
on the right side of the arrows are obtained by calculat- 
ing the formula ( a x 2 + b ). and these values are called 
hereinafter the state number. Fig. 6 is explained briefly 
as follows. When the state number is 0, and if the data io 
input to the convolutional encoder 33 is **0". transition 
occurs to the state number 0. and the output value **0 0" 
(the numeral shown on the line indicating the transition 
from the state number 0 to the state number 0) of the P 
data and Q data are output. When the input data is "1 is 
transition occurs to the state number 1 arxi the output 
value "1 1" is output. Regarding the other state num- 
bers, a destination of the transition is determined in 
accordance with the data input into the convolutional 
encoder 33, and the output values of the P data and Q 20 
data are shown on the transition lines. The Viterbi 
decoder carries out a decoding processing according to 
the diagram shown by the trellis representation. 
[0019] That is, when the soft decision P data and Q 
data are input into the Viterbi decoder 1 3 from the buffer 25 
12 by a control signal S from the control circuit 15, the 
branch metric generator 41 calculates branch metrics 
for the soft decision data PI and Q1, that is, prot^abili- 
ties of the transmission data set (P, Q) has been (0. 0), 
(1.0). (0, 1), (1.1). For soft decision data PI andQI.the so 
branch metric at the time when the transmission data 
set is (0, 0) is made X 0, the branch metric when the 
transmission data set is (1 , 0) is X 1. the branch metric 
for the transmission data set of (0, 1) is made X 2, and 
the branch metric for the transmission data set of (1 . 1) 35 
is made X 3. 

[0020] The branch-metric generator 41 outputs 
these branch-metrics XO, X ^, X2, and A, 3 to the ACS 
circuit 42. As shown in Fig. 7, the path- metric values of 
each state number at time mO are made r 0 (mO). r 1 40 
(mO). r 2 (mO), and r 3 (mO). The path-metric register 
43 outputs these path-metrics r 0 (mO), r 1 (mO). r 2 
(mO), and r 3 (mO) to the ACS circuit 42. The ACS cir- 
cuit 42 carries out an operation based on the trellis rep- 
resentation shown in Fig. 7. That is, the transition 45 
merging in the state number 0 at time m1 includes those 
from the state number 0 and the state number 2. Since 
the output data from the convolutional encoder at the 
time of the transition from the state number 0 is "0 0". 
the branch metric at this time is X 0. and since the output so 
data from the convolutional encoder at time of the tran- 
sition from the state number 2 is "1 r, the branch met- 
rics is ^ 3. The path-metrics of the state numbers 0 and 
2 at time mO are r 0 (mO) and r 2 (mO), and after carry- 
ing out computation of r 0 (mO) + X 0 and r 2 (mO) -i- X3. ss 
the larger value obtained by the above computation is 
stored in the path-metric register 43 as the path-metric 
value r 0 (m1) of the state number 0 at time ml . 



[0021] The branch values selected simultaneously 
(the value is '*0** when the path indicated by the solid line 
is selected, and the value is "1 " when the path indicated 
by the broken line is selected) are stored in a path mem- 
ory 45 as the branch value SO (m1). Following, the path- 
metric values r 1 (m1), r 2 (m1), r 3 (ml) and branch 
values Si (ml), S2(m1). S3(m1) at time ml are 
ot>tained by the same processing, the path-metric val- 
ues are stored in the path-metric register 43, and the 
branch values are stored in a path memory 45. The path 
memory 45 has a memory capacity capable of storing 
the branch information within the time period mg. The 
ACS circuit 42 outputs the path-metric values r 0 (ml), 
r 1 (ml), r 2 (ml), and r 3 (m1) at time m1 to the path- 
metric register 6 as well as the maximum likelihood path 
state number order detector 44. This is the end of a 
series of processes (hereinafter, called ACS process- 
ing). When the next soft decision data P2. and Q2 are 
input, the ACS processing described above is repeated. 
When the processing is completed, the control circuit 47 
gives the next order. 

[0022] The maximum likelihood path state number 
order detector 44 outputs to the trace-fc>ack circuit 46 the 
state nurrtoer having the maximum path-metric values 
among the maximum likelihood path-metric values F 0 
(mg), r 1 (mg), r 2 (mg), and r 3 (mg). If there are two 
or more state numbers which have the same maximum 
path-metric values, the lowest state number is selected. 
When the state number having the maximum path-met- 
ric values at time mg is '*2", the trace-back circuit 46 
traces back at time mg along the solid line the paths 
extending from the state number 2, having the maxi- 
mum path-metric values, as shown in Fig. 8, while read- 
ing the contents of the path memory. 
[0023] The trace-back circuit 46 reads the data 
stored at the state number 2 at time m(g-1) in the path 
memory 45 to examine whether the path merging to the 
state number is the state number 1 or the state number 
3, and knows that the state number is 1 . By repeating 
the same processing, the path is traced back to the time 
mO, and finally outputs the (k + m) segments of data 
(corresponding to the data from the time ml to the time 
(k + m)) obtained from the path memory 45 as the 
decoded data (hereinafter, called trace back process- 
ing). 

[0024] Furthermore, the path memory 45 is pro- 
vided which can carry out a reading operation in the 
ACS processing and a reading operation in the trace- 
back processing simultaneously. Since the path mem- 
ory is configured in a ring structure having a memory 
capacity for the time period of (g + f), the necessary 
data are not replaced by the ACS processing. When- 
ever the ACS processing is carried out for the time 
period g, the decoded data are output after the trace- 
back processing. The (m+u) bits of decoded data from 
the Viterbi decoder 13 are delivered to the block 
decoder 14. 

[0025] The block decoder 14 starts decoding for tiie 
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(m+u) bits of decoded data, and if the error can be cor- 
rected, only K bits of an image data are output to the 
buffer 1 7. If the error con-ection is not possible, the error 
detection signal is sent to the control circuit 15. When 
the control circuit 1 5 receives the error detection signal, 5 
the control signal R is then sent to the corrtrol circuit 47 
in the Viterbi decoder 13. 

[0026] When the control circuit 47 receives the con- 
trol signal R. the maximum likelihood path state number 
order detector 44 makes the trace-back circuit 46 output 10 
the state number having the next largest path-metric 
value. If there are two or more state numbers having the 
same maximum path-metric values, the next lowest 
number to the previous one is selected. If the state 
number having the next maximum path-metric value fol- is 
lowing the state number 2 having the maximum number 
at time mg is "0", the trace-back circuit 46 traces back 
the path extending from the state number 2, while read- 
ing the contents of the path memory 45. The trace back 
circuit 46 reads the data stored at the state number 0 at 20 
time m(g-1) In the path memory 45 to examine whether 
the path merging to the state number 0 is the state 
number 0 or the state number 2. and knows that the 
state number is 0. 

[0027] The trace back circuit 46 traces back the 25 
path to the time mO by repeating the same operation, 
and finally outputs the (k+m) segments of data (corre- 
sponding to the data from time ml to time m(k-i-m)) as 
the decoded data. The block decoder 14 receives the 
(m+u) bits of decoded data from the Viterbi decoder 13, 30 
and starts decoding. If the error correction is executed, 
only k bits of data information are output to the buffer 1 7. 
If the error is not corrected, the error detection data is 
sent to the control circuit 15. and the above operations 
are repeated until the error is corrected or equal to the 3S 
number of the state number. If the error is not corrected 
after the operations are repeated equal to times as the 
number of the state number, (k+u) bits obtained by the 
first trace-back processing are output to the buffer 17. 
[0028] The control circuit 15 then sends the control 40 
signal 1 to the buffer 12, and the buffer 12 outputs in 
sequence the received soft decision P data and Q data 
to the Viterbi decoder 13. The Viterbi decoder 13 
decodes the next (k+u) bits and examines the probaknl- 
Ity of the (k+u) bits in order to output the result to the 45 
buffer 17. The buffer 17 outputs the decoded image 
data through the output terminal 18. The presence of 
one type of buffer 12 and the presence of another type 
of buffer 17 are to absorb the fluctuation during decod- 
ing operation depending upon the amount of the bit so 
errors generated in the transmission line. 
[0029] In the above embodiment, although the case 
is described when the trace-back processing in the 
Viterbi decoder 13 Is carried out for every (k+u) bits, it Is 
possible to carry out the trace-back processing for a ss 
smaller unit than (k+u) bits. By reducing the unit size, it 
is possible to clarify the position of the error data in the 
(k+u) unit in the repeating error correction when the 



block decoder 14 sends the error detection signal, 
which results improving the error correction capability. 
In addition, by limiting the number of error correcting 
bits (for example, when a error correcting signal capable 
of correcting four bits, the error correction is carried out 
for 3 bits and in the case of four bit error, the error detec- 
tion signal is output), it is possible to clarify the unit of 
(u+k) bit to be corrected, which facilitates executing 
error correction by repeated decoding. Moreover, it is 
possible to reduce the scale of the circuit using a error 
detection code adding one parity bit without using the 
error correction codes. 

[0030] As described above, the error correction 
system of the present invention comprises a block 
encoder, a buffer for receiving data encoded by the con- 
volutional encoder, a Viterbi decoder for receiving the 
data designated by the buffer and executing decoding of 
the data, and a block decoder that starts decoding when 
it receives the data at a length of the block code length 
and executes if the error correction is possible. When 
the error correction is not possible, the system is 
designed such that the control circuit controls the Viterbi 
decoder to control execution of re-decoding for a block 
length of data which has been rendered impossible for 
error correction. Such a construction makes it possible 
to repeat the error correction operation after judging 
evaluating the reliability of the data decoded by the 
Viterbi decoder, and makes it possible to correct errors 
generated in the transmission line, which result in 
improving the quality of the transmission line. 

Claims 

1 . A data error correction system comprising: 

a buffer for receiving data which are encoded 
by a block encoder and a convolutional 
encoder; 

a Viterbi decoder for decoding a block of the 
data designated from data output from said 
buffer in accordance with the Viterbi algorithm; 

a block decoder, which starts decoding when it 
receives data corresponding to a block code 
length from said Viterbi decoder, for executing 
the error correction when possible and output- 
ting the result to a block decoder; and 

a control circuit for controlling execution of re- 
decoding by said Viterbi decoder so as to exe- 
cute decoding by said block decoder for data 
corresponding to the block code length whose 
have yet to be corrected, based on a error 
detection signal output by said block decoder, 
when the error correction has not been possi- 
ble. 
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2. A data error correction system according to claim 1 . 
wherein the data error correction system allows 
repeated executions of decoding by the Viterbl 
decoder and the block decoder by said error detec- 
tion circuit until the error correction is enabled. 5 
when the second error detection has not been pos- 
sible. 



3. A data error correction system according to claim 1 , 
wherein the data input into said buffer is bit data 10 
expressed by soft decision representation. 



4. A data error correction system according to claim 1 , 
wherein said Viterbi decoder comprises: 

15 

a branch-metric generator for obtaining a prob- 
ability of the case in which each transmittable 
symbol has been transmitted, when the data 
for respective symbols output from said buffer 
are received; 20 



a path-metric register which stores the cumula- 
tive metrics of the survival path; 

an addition comparison selection circuit for out- 25 
putting a path-metric value at the n state and 
selection information at the n state selected by 
executing comparison, addition, and selection 
of outputs of said path -metric register and said 
branch-metric register at every symbol time 30 
along the trellis diagram; 

a maximum likelihood path state number order 
detector for obtaining a state number which 
has the maximum path-metric value among 35 
path-metric values at the n state output from 
said addition comparison selection circuit; 



a path memory for storing at every symbol time 
the selection information at the n state output 40 
from said addition comparison selection circuit; 



a trace l>ack circuit for outputting a decoded 
data with (u+k) bits from the last bit arrived 
when tracing back to the past from the state 45 
number output of the the maximum likelihood 
state number order detector at every (u+k) 
time, when the encoded data are divided at 
each k bits and u bits of redundancy bit are 
added; and so 



a decoding control circuit for allowing execution 
of re-decoding when receiving a control signal 
from said control circuit. 

55 
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(54) Data error correction system 

(57) A data error correction system is provided 
which is capable of executing repeated error correction 
processing, and which Improves the quality of communi- 
cation lines by allowing repeated corrections of errors 
generated in the transmission line. 

The data error correction system comprises a 
Viterbi decoder 13 for decoding a designated encoded 
data from a buffer 12 and a block decoder for executing 
decoding of the data corresponding to a length of a 



block code after being decoded from the Viterbi decoder 
13, when en-or correction is possible. When error cor- 
rection is not possible, the data error correction system 
controls execution of re-decoding by the Viterbi decoder 
for executing error correction of the data corresponding 
to a length of a block code whose correction has not 
been possible yet at this stage. 
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